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Description 

The invention relates to a biospecific multianalyte 
assay method. 

Immunoassays are a well established group of 5 
biospectfic assays and now widely used in routine 
diagnostics and research laboratories. Another group 
of biospectfic assays, still being developed, is DNA 
hybridization assays. Biospecific assays generally 
employ one or several biospecific reactants (e.g. and- 1 o 
body, DNA probe) and normally one of these reac- 
tants is labelled. The labels currently used are 
radioisotopic, enzymatic, luminescent and fluores- 
cent labels. 

In routine diagnostics there is a growing need for 15 
multianalyte (multiparameter) analysis. Unfortu- 
nately, the present methodology does not allow the 
use of more than two or three simultaneous labels 
because the spectrometric separation of the signals 
from different labels is not sufficiently efficient. The 20 
emission spectra of different radioisotopic labels and 
fluorometric labels have a significant overlapping and 
consequently they provide inadequate separation of 
different analytes over a required concentration 
range. 25 

"A multianalyte biospecific assay is described in 
EP-A-1 26,450, This prior art assay employs different 
categories of microspheres labelled with a fluorescent 
substance and coated with biospecific reactants. The 
categories differ with respect to a variable that 30 
enables each category to be identified separately. 
The biospecific reactant differs between the 
categories, and for each category it is specific for a 
unique analyte. During assay a mixture of categories 
is reacted with sample analytes. Analytes becoming 35 
bound to the microspheres are reacted with biospeci- 
fic reactants that in some cases carry a fluorescent 
compound. The decay times of the fluorescent subst- 
ance and the fluorescent compound are not discus- 
sed. The assay as described in EP-A-126,450 will 40 
have difficulties in relating an individual analyte con- 
centration to a measured fluorescence signal." 

The purpose of this invention is to improve the 
methodology for blospefcific multianalyte assays 

The method according to the invention is charac- 45 
terised by 

(i) categories of microspheres that have been 
pooled to a suspension are mixed with a sample 
containing analytes to be assayed, the micros- 
pheres of each category so 

(a) having a concentration of a first fluorescent 
label that is different from one category to the 
other so that microspheres belonging to each 
category can be identified separately, and 

(b) being coated with a biospecific reactant for 55 
an analyte that differs for each category, 
whereupon 

(ii) a mixture of biospecific reactants labelled with 



a second fluorescent label is added to the sus- 
pension in order to initiate biospecific reactions 
between the analytes and the labelled reactants 
and the micros p here-associated reactants, 
charaterfzed 

in that the decay time for the second fluorescent 
label is several orders of magnitude times the 
decay time for the ffrst fluorescent label and 
in that 

(iii) the suspension from (ii) is diluted in order to 
reduce the concentration of labelled reactants not 
bound to the microspheres 

(iv) both the first fluorescent label and the second 
fluorescent label are excited to generate fluoresc- 
ence emissions, 

(v) the fluorescence emissions are converted to 
electrical signals, 

(vi) the category of each microsphere is identified 
on the basis of the strength of the electrical signal 
resulting from the first fluorescent label, 

(vii) the concentration of the analyte on each 
microsphere is measured on the basis of the 
strength of the electrical signal resulting from the 
second fluorescent label, 

The invention will be described more in detail with 
reference to the accompanying drawings on which 

Fig. 1 schematically shows an embodiment of an 

apparatus for carrying the method according to 

the invention into effect, and 

Fig. 2 shows excitation and emission spectra. 

The invention combines the use of microspheres 
and fluorescent labels with substantially different 
fluorescence decay times. The multianalyte assay is 
performed in a suspension of artificially manufactured 
microspheres, comprising a pool of different micros- 
pheres representing different analytes, here called 
categories. Each category of microspheres is first 
coated with a specific reactant (antibody), i.e. the 
microspheres function as solid supports for said 
specific reactant and for the biospecific reaction. This 
invention is particularly related to a new microf- 
luorometric methodology combining short decay time 
and long decay time fluorescent labels where short 
decay time labels are used for identification of the 
category of each individual microsphere representing 
different analytes and the long decay time labels are 
used for detecting the concentration of the particular 
analyte on the microsphere by means of a biospecific 
reaction. 

Monosized microspheres can be made of approp- 
riate polymer materia) with slight hydrophilic character 
and therefore are well suited for water suspensions. 
The microsphere surface properties allow also bind- 
ing of macromolecules by physical adsorption as well 
as by covalent coupling through activation of OH- 
groups at the surface (L. Johansen & a)., Journal of 
Immunological Methods, 59 (1983) pp. 255-264). In 
this invention the sample including all different ana- 
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lytes is first incubated with a pool of microspheres and 
with a pool of labelled reactants in smallest possible 
volume (for example 10 - 100 pi) in order to achieve 
a complete reaction in a short time. Because of the 
very small average distance between the analyte s 
molecules and labelled reactants In the microsphere 
suspension, the equilibrium of the biospecific reaction 
is achieved rapidly during the incubation and as a 
result conjugates consisting of the labelled reactant, 
the analyte and the immobilized reactant on the micro- 10 
sphere surface are formed, commonly called 
"sandwiches" in the literature. After the Incubation the 
suspension is diluted adequately for analyzing the 
individual microspheres fluorometricaily. A sufficient 
number of microspheres are analyzed and the ts 
fluorescence signals from each microsphere are 
registered In a computer. 

In this invention high detection sensitivity of the 
fluorescent labels associated with the biospecific 
reactants at the microparticle surface is based on the to 
use of long decay time fluorescent labels e.g. fanth- 
anide chelates of europium, terbium etc as described 
in more details for example in the European patent 
application 86850172.7. The detection sensitivity is 
improved by reducing the background fluorescence 2S 
with temporal resolution between the excitation and 
the emission which is usually called time-resolved 
fluorescence detection in the literature. A comprehen- 
sive review of the most recent developments and the 
evolution of the time-resolved fluorometry of long so 
decay time fluorescent labels has been written by 
Soini and Ldvgren (CRC Critical Reviews in Analytical 
Chemistry ,Voi. 18, Issue 2 (1987)).A device for time- 
resolved fluorescence detection typically incorpo- 
rates a pulsed light source and a gated detector, 35 
which is activated after a certain delay time from the 
excitation pulse. Thus the short decay time fluoresc- 
ence or the scattering is not registered by the detector 
because its lifetime is much shorter than the time 
delay. The detector detects only long decay time 40 
emission which is specific to the long decay time 
fluorescent label in the sample. 

The system relative to this invention combines 
the features referred to above and the objective of this 
invention is to identify each individual microparticle 45 
representing different analyte categories for the pur- 
pose to perform a multianalyte assay in the same 
sample. The identification is based on detection of 
short decay time fluorescence as discussed above. In 
an appropriate measuring system, the short decay so 
time and the long decay time fluorescence can be 
separately detected. In particular, when the decay 
times differ several orders of magnitude (organic 
fluorescent material in the nanosecond range and 
lanthanide chelates in the microsecond to millisecond 55 
range), a strong and variable short decay time 
fluorescence component makes negligible contri- 
bution to the detection of the long decay fluorescence 



component This is the crucial point of this invention 
and the fast decaying fluorescent material can be 
used for identification of the categories of the micro- 
particles without any significant interference to the 
determination of the analyte concentration. 

Microspheres can be manufactured combining 
the polymer materia) with a suitable short decay time 
fluorescent compound. Organic fluorescent com- 
pounds with very short decay time, for example 
POPOP, bisMSB etc., can be added to any monomer 
(as discussed e.g. in "Theory and practice of Scintil- 
lation Counting", Ed. J.B. Blrks, Pergamon Press, 
1967, pp. 321-353) and solid fluorescent material is 
formed in polymerization. The material is processed 
into microspheres in the same step. For identification 
of the microspheres, the short decay time organic 
fluorescent compounds are added into different 
batches of the monomer in substantially different con- 
centrations differing e.g. by a factor of two from each 
other. 

The identification signai is detected simul- 
taneously with the excitation which lasts for at the 
most some microseconds and is substantially shorter 
than the decay time of the long decay time fluorescent 
label. The contribution of the long decay time fluoresc- 
ence label to the identification signal level is very low 
because the photon emission rate of the long decay 
time component per microsecond is very low and 
because the identification compound can be used in 
much higher concentrations than the long decay time 
label. 

The use of flow cytometers as analysers 

It is known that flow cytometers (J. Steinkamp, 
Rev.Sci. Instrum. 55 (1984) pp. 1375-1400) can be 
used for immunoassays employing microspheres as 
a solid support (P.J. List & a)., Clinica Chimica Acta, 
120 (1982) pp. 171-179). In this method antigen-co- 
ated or antibody-coated microspheres (1-50 jim 
diameter) were allowed to react with the sample and 
with fluorescent-labelled antigen or antibody in any 
generally employed immunoassay format, i.e. com- 
petitive binding, double antibody "sandwich", etc. The 
suspension was introduced unwashed into a flow 
cytometer and the microspheres flowed in a narrow 
stream past a laser beam. 

Provided that the cytometer simultaneously 
measured fluorescent light and scattered light from 
the microspheres, it was possible to measure only the 
microsphere-associated fluorescence. Consequently 
the special advantage of this methodology was that 
no macroscopic separation of bound and free labelled 
compounds were needed. Macroscopic separation 
was circumvented by the ability of the flow cytometer 
to discriminate, at the microscopic level, particle 
associated (bound) fluorescence from solution-asso- 
ciated (free) fluorescence. The discrimination was 
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most efficient for 1-5 \xr\ diameter microspheres, 
where spheres in a highly fluorescent background 
medium and spheres in a buffer medium displayed 
approximately the same fluorescent intensity per par- 
ticle. 5 

A possibility of using flow cytometers for mul- 
tianalyte immunoassay has been discussed by T.M- 
.McHugh & al., J. Immunol. Methods 95 (1986) pp 
57-61 where microspheres of different sizes were 
used as solid support and the identification of micro- 1 o 
spheres associated with different analytes was based 
on analysing the sizes of microspheres. This has 
been found feasible, because the flow cytometer can 
accurately detect particles based on size and it would 
be possible to identify a known microsphere popu- is 
lation and to determine the fluorescence without inter- 
ference from other size microspheres. 

In a flow cytometer the concept of temporal resol- 
ution between short decay time fluorescence and long 
decay time fluorescence is, however, not based on 20 
the use of the gated detector as described above. The 
temporal resolution between the excitation and emis- 
sion can be achieved by high speed movement of the 
sample in relation to the focal points of excitation and 
detection, in this concept, as discussed in more 25 
details in the Swedish patent application 8604434-4, 
the focal points of excitation and emission are sepa- 
rated by a small distance in such a way that the sig- 
nals from scattering and short decay time 
fluorescence are not detected but the signals from 30 
any long decay time fluorescent label can be detec- 
ted, because of their "after glow" when the sample 
moves at a high speed in relation to the focal points. 

An apparatus incorporating the features discus- 
sed above, can be constructed for example as iilus- 35 
trated in Fig. 1 . In this example it has been supposed 
that an europium chelate is used as a long decay time 
(abet and POPOP is used as a short decay time 
fluorescent substance, i.e. identification substance. 
The excitation wavelengths of europium chelates and 40 
POPOP are generally in the same range between 300 
nm and 360 nm. The 337 nm wavelength emission 
from a nitrogen laser or from a xenon flash lamp is 
optimal for excitation. Emission wavelengths are 613 
nm for europium and around 400 nm for POPOP. The 43 
excitation and emission spectra are shown in Fig. 2. 

A suspension of micropartides 1 and a sheath 
fluid 2 are moving through a sheath flow nozzle 3 into 
a thin laminar flow 4, which is first illuminated with a 
light beam 5 from a continuous light source 6, for 50 
example a HeNe-laser at a wavelength of 633 nm, 
focussed to a point 8 in the laminar flow 4. A photon 
detector 7 sensitive for 633 nm is focussed to the point 

8 and used for monitoring the photon scattering from 
randomly incoming micropartides 1 . Each microparti- 55 
cle 1 produces a signal in the detector 7 and this sig- 
nal is used for triggering a flash lamp or a pulsed laser 

9 which is focussed to a point 10 in the laminar flow 



4. The pulsed light source 9 is used for exdtatlon of 
both fluorescent substances, i.e. the identification 
compound and the lanthanide chelate in the micropar- 
tides at a wavelength of 337 nm. The signal from the 
detector 7 also activates a computer 11. A gated pho- 
ton detector 12 sensitive for a wavelength of 400 nm 
is focussed to the point 10 and measures the ampli- 
tude of the short decay time signal from the organic 
fluorescent compound of each micropartide 1. This 
amplitude measure ment is then used for identifi- 
cation of the partide by the computer 1 1. A detector 
1 3 measures the long decay time fluorescence at a 
wavelength of 614 nm. The detector 13 is focussed to 
a point 14 at a small distance dx downstream from the 
point 10. The small distance dx = v • I* where v is the 
speed of the laminar flow 4 and u is a delay time. A 
gate 1 5 is activated for a counting time tg after the 
delay time V The delay time tj and the counting time 
1^ are controlled by the computer 1 1 and are optimized 
for highest signal-to-background ratio and depend on 
the decay Lime of the iong decay time fluorescent 
label. The counting speed of the system depends on 
the maximum pulse frequency of the pulsed light 
source 9 and on the counting time tg of the signal from 
the long decay time label. Signals from micropartides 
which coincide within a time interval shorter than the 
minimum light pulse period, can be electronically 
rejected. The computer 11 integrates photon signals 
from micropartides separately for each parameter. 
Using appropriate standard samples of each analyte, 
the system can be calibrated for concentration units. 

The choice of long decay time fluorescent label 
affects the system parameters of the device. A special 
care should be taken for the leakage of stray lightfrom 
the light source 6 to the detector 13. Good optics for 
focussing, optical separation of the points 8 and 14 as 
well as gating the detectors reduce the background 
caused by this effect 

The use of stationary microfluorometric analysers . 

The flow cytometric systems are relatively expen- 
sive and their optical and hydrodynamic systems are 
mechanically complex and sensitive. However, the 
analysis of the micropartides can also be performed 
in a stationary state or in a stopped-flow system and 
this type of approach may be less expensive and 
more robust The stationary instrumental approach Is 
based on the use of microscopic observations of 
micropartides in a thin cavity into which the diluted 
micropartide suspension is pumped from a reaction 
tube. The suspension of the micropartides is first 
scanned at a very rapid rate and the identification of 
the microspheres as well as their location and deter- 
mination of their analyte categories take place on the 
basis of the detection of short decay time fluoresc- 
ence. The detection of the analyte concentration in 
the micropartides takes place measuring the signal 
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strength of long decay time fluorescence. A sufficient 
number of randomly located micropartides are iden- 
tified and analyzed in order to obtain a sufficient 
amount of information for desired statistical precision. 

The excitation light source can be either a pulsed 5 
light source or a constant light source. If using a 
pulsed light source, each scanned point of the sample 
is exposed to one or several light pulses and the 
detector and the associated photon counting elec- 
tronics is gated for detection of both short decay time 1 o 
and long decay time fluorescence separately. 

If the constant light source is used in a confocal 
scanning microfluorometry, the concept of temporal 
resolution between short decay time fluorescence 
and long decay time fluorescence can be achieved in is 
the following manner. The focal points of the exci- 
tation and the emission are separated by a small dis- 
tance in such a way that the signals from the short 
decay time fluorescence and the signals from the long 
decay time fluorescent label can be detected at drffe- 20 
rent times when the excitation beam moves at a high 
speed in relation to the sample. This concept is dis- 
cussed in more detail in the Swedish patent appli- 
cation 8604434-4. 

Microfluorometric analysis (as well as flow 25 
cytometric) can discriminate between the micros- 
phere-assoclated fluorescence and solution-associa- 
ted fluorescence, because the respective 
concentrations in the microscopic focal point in the 
diluted suspension differ many orders of magnitude. 30 
This detection concept provides a reasonable sepa- 
ration of the free and the bound fractions but if neces- 
sary, it can be made more efficient using normal 
separation methods (washing, filtration, centrifu- 
gation etc.) 35 

Detection of various fluorescence signals can be 
made with an appropriate computer controlled auto- 
matic video microscope (Video Microscopy, ed. 
Shinya Inoue, Plenum Press, 1 986) or with a scanning 
microscope. The scanning microscope can also be 40 
equipped with confocal optical systems for excitation 
and emission in order to improve sensitivity and pre- 
cision. (G.J. Brakenhof & al., J. Microscopy, 117 
(1979) pp. 219-232). Alternatively the aperture can be 
selected optimally according to the diameter of the 45 
micropartides and scanning of the fluorescence emis- 
sion signals can be made using an appropriate imag- 
ing detector which can work in a single photon mode. 
Such detectors can be composed for example of 
microchannel plate image intensifiers and charge so 
coupled imaging devices (CCD). Charge coupled 
devices can be gated for the purpose of time resolved 
operation in order to discriminate between short 
decay time fluorescence and long decay time 
fluorescence (see Video Microscopy, ed Shinya 55 
Inoue'). Analysis of the image from the CCD can be 
performed with a computer. 



Claims 

1. Biospecific muitianalyte assay method in which 

(i) categories of microspheres that have been 
pooled to a suspension are mixed with a sample 
containing analytes to be assayed, the micros- 
pheres of each category 

(a) having a concentration of a first fluorescent 
label that is different from one category to the 
other so that microspheres belonging to each 
category can be identified separately, and 

(b) being coated with a biospecific reactant for 
an analyte that differs for each category, 
whereupon 

(ii) a mixture of biospecific reactants labelled with 
a second fluorescent label is added to the sus- 
pension in order to initiate biospecific reactions 
between the analytes and the labelled reactants 
and the microsphere-associated reactants, 
charaterized 

in that the decay time for the second fluorescent 
label Is several orders of magnitude times the 
decay time for the first fluorescent label and 
in that 

(iii) the suspension from (ii) is diluted in order to 
reduce the concentration of labelled reactants not 
bound to the microspheres 

(iv) both the first fluorescent label and the second 
fluorescent label are excited to generate fluoresc- 
ence emissions, 

(v) the fluorescence emissions are converted to 
electrical signals, 

(vi) the category of each microsphere is identified 
on the basis of the strength of the electrical signal 
resulting from the first fluorescent label, 

(vii) the concentration of the analyte on each 
microsphere is measured on the basis of the 
strength of the electrical signal resulting from the 
second fluorescent label, 

2. The method according to claim 1, charac- 
terized in that the first fluorescent label has a decay 
time in the nanosecond range. 

3. The method according to claim 1, charac- 
terized in that the second fluorescent label has a 
decay time in the microsecond range. 

4. The method according to claim 3, charac- 
terized in that the second fluorescent label is a 
fluorescent lanthanide chelate. 

5. The method according to claim 2, charac- 
terized in that the first fluorescent label is an organic 
fluorophor. 



PatentaneprOche 

1. Biospezifisches Multianalyt-Untersuchungs- 
verfahren, in weJchem 

(i) Kategorien von Mikrokugeln, die zu einer 
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Suspension zusammengefa&t worden slnd, mit 
einer Probe gemischt werden, die zu untersu- 
chende Analyte enthaJt, wobei die Mikrokugeln 
von jeder Kategorie 

(a) eine Konzentration von einer ersten fluo- s 
reszierenden Markierung haben, die slch von 
einer Kategorie zu der anderen unterscheidet, 

so dafi Mikrokugeln, die zu jeder Kategorie 
gehdren, separat identifiziert werden k6nnen, 
und 10 

(b) mit einem biospezifischen Reaktanten fur 
einen Analyt, dersichfurjede Kategorie unter- 
scheidet, beschichtet sind, 

woraufhin 

(ii) eine Mischung von biospezifischen Reaktan- 15 
ten, welche mit einer zweiten fluoreszierenden 
Markierung markiert sind, zu der Suspension hin- 
zugeffigtwird, um biospezifische Reaktionen zwi- 
schen den Analyten und den markierten 
Reaktanten und den mikrokugelzugehorigen 20 
Reaktanten sinzulsitcn, 

dadurch gekennzeichnet, daB 

die Abklingzeit fur die zweite fluoreszierende 

Markierung mehrere Groftenordnungen mal der 

Abklingzeit fur die erste fluoreszierende Markie- 25 

rung ist, und 

dadurch, da& 

(iii) die Suspension von (ii) verdunnt wird, um die 
Konzentration von markierten Reaktanten, wel- 
che nicht an die Mikrokugeln gebunden sind, zu 30 
vermindern, 

(tv) sowohl die erste fluoreszierende Markierung 
als auch die zweite fluoreszierende Markierung 
zum Erzeugen von Fluoreszenzemissionen 
angeregt werden, 35 

(v) die Ruoreszenzemissionen in elektrische 
Signale umgewandett werden, 

(vi) die Kategorie von jeder Mikrokugel auf der 
Basis der Starke des elektrischen Signals, das 

von der ersten fluoreszierenden Markierung 40 
resultiert, identifiziert wird, 

(vii) die Konzentration des Analyten auf jeder 
Mikrokugel auf der Basis der Starke des elektri- 
schen Signals, welches von der zweiten fluores- 
zierenden Markierung resultiert, gemessen wird. 45 

2. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daft die erste fluoreszierende Markierung 
eine Abklingzeit im Nanosekundenbereich hat 

3. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, dad die zweite fluoreszierende Markierung 50 
eine Abklingzeit im Mikrosekundenbereich hat 

4. Verfahren nach Anspruch 3, dadurch gekenn- 
zeichnet daB die zweite fluoreszierende Markierung 
ein fluoreszierendes Lanthanld-Chelat ist. 

5. Verfahren nach Anspruch 2, dadurch gekenn- 55 
zeichnet, dafi die erste fluoreszierende Markierung 

ein organisches Fluorophor ist 



Revend (cations 

1. Methods de determination multi-analytique 
biospecifique, dans laquelle 

(i) des categories de microspheres, qui ont ete 
rassemblees en une suspension, sont melan- 
gees a un echantillon contenant des analytes a 
determiner, les microspheres de chaque catego- 
rie 

(a) ayant une concentration d'un premier mar- 
queur fluorescent qui est differente d'une 
categorie a 1'autre, de sorte que des micros- 
pheres appartenant a chaque categorie peu- 
vent etre identifies separement, et 

(b) etant revfitues d'un corps reactbnnel bios- 
pecifique pour un analyte qui differs pour cha- 
que categorie, 

puis, 

(ii) un melange de corps reactionneis biospecifi- 
ques marques avec un second marqueur fluores- 
ce ni est ajouie a ia suspension afin de deciencher 
des reactions biospecifiques entre les analytes et 
les corps reactionneis marques ainsi que les 
corps reactionneis associes aux microspheres, 
caracteris£e en ce que 

le temps d'extinction du second marqueur fluo- 
rescent estsuperieur de plusieurs ordres de gran- 
deur au temps d'extinction du premier marqueur 
fluorescent, 
et 

(iii) la suspension du paragraphe (ii) est diluee 
afin de reduire la concentration des corps reac- 
tionneis marques non lies aux microspheres, 
(hv) le premier marqueur fluorescent et le second 
marqueur fluorescent sont Tun et I 'autre excites 
pour engendrer des emissions de fluorescence, 

(v) les emissions de fluorescence sont transfor- 
mer en signaux electriques, 

(vi) la categorie de chaque microsphere est iden- 
trfiee surla base de I'intensite du signal electrique 
resultant de la presence du premier marqueur 
fluorescent, 

(vii) la concentration de I'analyte sur chaque 
microsphere est mesuree sur la base de I'inten- 
site du signal electrique resultant de la presence 
du second marqueur fluorescent. 

2. Methode suivant la revendication 1, caracteri- 
see en ce que le premier marqueur fluorescent pos- 
sede un temps d'extinction compris dans la plage des 
nanosecondes. 

3. Methode suivant la revendication 1, caracteri- 
see en ce que le second marqueur fluorescent pos- 
sede un temps d'extinction compris dans ia plage des 
mlcrosecondes. 

4. Methode suivant la revendication 1, caracteri- 
see en ce que le second marqueur fluorescent est un 
chelate de lanthanide fluorescent. 

5. Methode suivant la revendication 2, caracteri- 
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s6e en ce que le premier marqueur fluorescent est un 
fluorophore organique. 



10 



15 



20 



25 



30 



35 



40 



45 



SO 



55 



7 



EP 0 296 136 B1 




EP 0 296 136 B1 




9 



